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Title: Memory Tag, Read/Write Device and Method of Operating a Memory 
Tag 

5 Field of the Invention 

The invention relates to a memory tag which is powered and 
communicated with wirelessly, and in particular to such a memory tag which is 
powered by inductive coupling. 

10 Background of the Invention 

Radio Frequency Identification, or RFID, memory tags are known in 
many different forms for different applications. However, they all have in 
common a non-volatile memory, which in use stores data, and a transponder 
including an antenna coil for (wireless) inductive coupling with a transceiver. 

1 5 The memory tag is powered as a result of the inductive coupling, and is also 
read from or written to as a result of the inductive coupling. Different forms of 
RFID memory tag achieve the read/write communication in different ways, 
such as by amplitude modulation of the radio frequency signal, or by phase or 
frequency modulation. More detail of RFID memory tags can be obtained from 

20 the RFID Handbook, Klaus Finkenzeller, 1999, John Wiley & Sons. 

Opto-electronic memory tags are also known, with one example being 
described in US 6,299,068 Bl. Such devices include a non-volatile memory 
which in use stores data and opto-electric cells which intercept light directed at 
the tag. The light powers the tag circuitry but is also modulated to provide data 

25 for writing to the tag memory and/or control signals to enable reading from the 
tag memory. 

Using the same electromagnetic signals, whether radio frequency or 
light, for both supplying power and communication can be problematic, as the 
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transmission of data or control signals can lead to inconsistent power supply, or 
consistent power supply can lead to inconsistent communication. 

Summary of the Invention 

According to a first aspect of the invention there is provided a memory 
tag having a non-volatile memory in which in use data is stored, an antenna coil 
and power supply circuit such that in use the memory tag is powered by 
inductive coupling, wherein the memory tag also includes a sensor for receipt 
of transmitted light carrying input signals and a processor for processing of the 
received input signals, and a modulation circuit for overlay of output signals 
onto the power supply circuit. 

The memory tag may operate such that output signals are sent via the 
inductive coupling in response to input signals received optically. 

The input signals may be data and/or control signals, and the output 
signals may be indicative of the data stored in the memory. 

Conveniently the processor of the memory tag further controls the 
memory and the sensor. 

The sensor may be a CMOS light sensor, and the light emitter is 
conveniently a light emitting diode. 

Preferably the memory tag is implemented on single semiconductor chip. 

According to a second aspect of the invention there is provided 
read/write device, for communication with a memory tag according to the first 
aspect of the invention, having a signal generator, an antenna coil and a power 
supply circuit for powering the memory tag in use by inductive coupling, and 
wherein the read/write device further includes a light emitter for emission of 
the light carrying the input signals to the memory tag, and a demodulation 
circuit for retrieval of the output signals from the inductive coupling. 

The read/write device may further include a sensor for receipt of 
transmitted light carrying output signals from the memory tag. 
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Typically the read/write device further includes a processor for control 
of the light emitter, and of the sensor where appropriate. 

According to a third aspect of the invention there is provided a method 
of operating a wireless memory tag comprising powering the memory tag by 
5 inductive coupling and communicating with the memory tag by transmitting 
control and/or data signals to the memory tag using optical signals and 
receiving output signals from the memory tag as modulation of the inductive 
coupling. 

The method may further comprise communicating with the memory tag 
10 by receiving data signals from it using optical signals. 

Brief Description of the Drawings 

Embodiments of memory tags according to the invention will now be 
described, by way of example only, by reference to the accompanying drawings 
15 in which: 

Figure 1 is a schematic of an embodiment of a memory tag according to 
the invention and of a read/write device for communication therewith. 

Detailed Description of the Preferred Embodiments 

20 Referring to Figure 1 a memory tag 10, read/write device 12 and host 

computer 14 are illustrated schematically, using the following notation for the 
various circuit components; C-capacitor, L-inductor, D-diode, S-sensor, G- 
generator and Sw-switch. 

The memory tag 10 includes a power supply circuit 16, a memory 18a 

25 and processor 18b, and sensor SI. The power supply circuit 16 includes an 
inductor L2 and a capacitor C2, the values of which are selected to tune the 
combination to 2. 45 GHz for inductive coupling, illustrated by double headed 
arrow A, with the read/write device 12 as discussed below, and a diode Dl and 
a capacitor C3 which rectify the induced current to provide a direct current 
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(DC) power supply to the memory and processor 18. The power supply circuit 
16 further includes a switching capacitor C4 and a switch Swl which are used 
to overlay output signals onto the 2.45GHz signal. 

The read/write device 12 includes a power supply circuit 20, a processor 
5 22, and a light emitting diode D3. The power supply circuit 20 includes a radio 
frequency generator G, an inductor LI, a capacitor CI and a coupler 28. The 
generator G operates at 2.45GHz and the values of components LI and CI are 
selected to tune the combination to that frequency. 

The read/write device 12 is connected to a host computer 14 which 

10 provides the appropriate control signals to the processor 22. 

The memory tag 10 is powered by inductive coupling between the power 
supply circuit 20 of the read/write device 12 and the power supply circuit 16 of 
the memory tag 10, in the manner known in the prior art of RFID memory tags. 
However, communication between the memory tag 10 and the read/write device 

15 12 is not all achieved by inductive coupling as is the case in the prior art, but 
rather some is now by optical means. 

When the read/write device 12 is to communicate with the memory tag 
10 the processor 22 causes the light emitting diode D2 to operate such that it 
emits light 24, the output being amplitude modulated with the required data 

20 and/or control signals. The amplitude modulation can be achieved simply by 
switching the light emitting diode D3 on and off such that it emits pulses of 
light. The emitted light 24 is received by sensor SI, which is conveniently a 
photo-transistor, on the memory tag 10. The resistance of the photo-transistor 
SI varies with the intensity of light falling on it, and thus when a voltage is 

25 applied across it that variation in resistance can be detected. Thus the input 
signals to the memory tag 10, being data and/or control signals, which are 
carried by the light are deciphered by the processor 1 8b, and where appropriate 
passed to the memory 18a for storage. 
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Communication of output signals from the memory tag 10 to the 
read/write device 12 is achieved as in the prior art of RFID memory tags by 
inductive coupling. Thus data read from the memory 18a of the memory tag 10 
is overlaid on the 2.45GHz signal by switching capacitor C4 in and out of the 
5 power supply circuit 16 using switch Swl. In the read/write device 12 the 
power supply circuit 20 is modified to deal with the receipt of the data signal 
from the memory tag 10. Coupler 28 is used to divide the received signal from 
the 2.45GHz signal and the signal is then passed to the processor 22. A splitter 
may also be included in the power supply circuit 20 of the read/write device 12 

10 in order to provide the processor with a sample of the 2.45GHz signal for 
comparing with the received signal, in known manner. 

The memory tag 10 and read/write device 12 provide an advantage, as 
the communication to and from the memory tag 10 is by different frequencies 
sufficiently far apart for interference not to occur, such that the communication 

15 in the two directions can take place simultaneously without the need for 
multiplexing. 

The memory tag 10 may each be implemented on a single CMOS 
(Complimentary Metal-Oxide-Semiconductor) integrated circuit to operate at 
the frequency indicated above, 2.45GHz. CMOS technology will now permit 
20 the integration of sensors such as SI onto CMOS integrated circuits and using 
Si-SiGe Quantum Dot technology light sources can also be provided in this 
way. Thus the memory tag 10 can be a completely wireless single chip 
implementation. 

Embodiments of memory tags according to the invention need not be 
25 implemented in CMOS technology, nor on a single chip, if the application for 
which it is designed does not require that level of miniaturisation. 
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